It is proved that a binary matroid has only binary ad joints if and only if it is either nonregular or graphic and has no K 4 or K 2 , 3 minor.
INTRODUCTION
Suppose M is a matroid on a set E and a matrix D represents Mover some field IF; that is, the columns of D are indexed on E and a subset of E is independent in M if and only if the corresponding columns of D are linearly independent over IF. This relationship is denoted M = .A(D). (In general, if Sis a set of vectors in some vector space, .A(S) denotes the matroid represented by a matrix with column set S. The underlying set for this matroid may be considered to be the set S or some index set for S.)
Ann x m matrix is called a standard representative matrix (or simply a standard matrix) if it contains a subset of columns that can be permuted to form an n x n identity matrix.
Let This paper is devoted to determining when .A(S) = .A(S'). Note that the answer to this question does not give a complete answer to the original question. Even if .A(S) # .A(S'), the two matroids will still have some bases in common, in particular those that form standard representative matrices for M.
Recall that .A(S) was defined using a particular representing matrix D. It will be shown that since M is binary, .A(S) is independent of the choice of D, and depends only on the field f. This follows easily from known facts about binary matroids. It is also easily shown that .A(S) is binary if M is binary but not regular. The main theorem characterizes those regular matroids for which .A(S) # .A(S') for some field f.
The matroid .A(S) is not a new invention . .A(S) is an adjoint of M, as defined by Crapo in [5] . The definition of adjoint is given in the next section, and the statements in this paper are statements about adjoints. In particular, the main theorem is that a regular matroid M has a nonbinary adjoint if and only if M has either a .A(K 4 ) or .A(K 2 , 3 ) minor.
In Section 2 ad joints are introduced, and some of their known properties are stated and proved, for completeness. Then some specific examples of adjoints are given. Section 3 presents the sequence of simple facts about binary matroids that justifies the use of ad joints in this investigation. In Section 4 the main result is proved, and in Section 5 further questions are discussed.
ADJOINTS
This section provides the necessary background material about adjoints. Familiarity with the basics of matroid theory is assumed. (See for example Welsh [9] .) Throughout, M = (E, :!1') denotes a matroid on finite set E, where :!1' is the collection of flats of M. The set .Ye = {HE :!1': The following two lemmas are straightforward:
The next lemma is not so trivial. The proof given here was suggested by U. Faigle.
PRooF. We prove the lemma assuming only that ¢ is an inclusion-reversing, coverpreserving injection.
The lemma follows easily from the following claim: Given FE fF and e E E, ¢(
Proof of claim: If e E F, the claim is true since ¢ is inclusion reversing. Assume e ~ F.
ifF is a rank 1 flat of M.
Suppose now that the claim is false. Take M to be a counterexample of minimal rank with rM(F) minimal. Since Fis not a rank 1 flat, the claim holds for ft '(M) replaced by the lattice
where the third equality follows from minimality of rM(F). The matrices 
Now for arbitrary

THEOREM. If M is binary and not regular, then M has only one representable adjoint, AM,GF(2)•
PRooF. This follows immediately from (3.5) and the fact that M is representable only over fields of characteristic 2. (This fact is proved in [2] ; it also follows easily from Tutte's characterization of regular matroids [8] . 
THE MAIN THEOREM
We now turn to the case where M is regular. It was shown in (2.7) that some regular matroids have nonbinary adjoints. The following theorem characterizes those matroids. Now cjJ obis injective, inclusion-reversing, and onto {s E S: It is evident that if G is a 2-connected outerplanar graph, then the edges on the face on which all the vertices lie form a circuit, and the remaining edges are non-crossing chords of this circuit. (See [7] for an extensive list of outerplanar graph characterizations.)
The next lemma follows easily from the statement in the previous paragraph, (4.7), and Tutte's characterization of graphic matroids [8] . One can show that forM = .A(K 2 ,n) or M = W,, S(M) contains ann x n submatrix which is all ones except for zeros on the diagonal. Further, this matrix has determinant
